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ABSTRACT* 
The influence of plenum volume on surge phenomenon 
in a centrifugal blower was studied by means of quasi-
dynamic analysis. In this procedure, signals were 
gathered at 5 pressure tappings at 146 different positions 
of the throttling valve controlling the mass flow rate. 
Frequency spectra obtained by means of Fourier analysis 
are combined together in the form of colour maps with 
frequency as the abscissa and valve position as the 
ordinate. Such a map provides high-resolution 
information about spectral structures of pressure signals 
attained at different mass flow rates. Analysis was 
conducted at two system configurations characterized by 
different volumes between the blower and the valve i.e. 
plenum volume. Research confirmed that in both cases the 
first disturbances appear in the vicinity of the impeller 
leading edge in the same position of a throttling valve 
before the surge. Arising flow structure is characterized 
by strong and random pressure jumps and does not have 
any dominating frequency. At further valve closure 
pressure disturbances propagate towards the volute and 
at deep surge the strongest peaks are observed at the 
outlet. The moment of deep surge onset is also 
independent of the plenum volume, however, a difference 
is observed in the frequency and amplitude of the main 
modes. With the higher outlet volume the observed 
oscillations fit well to the frequency of a Helmholtz 
resonator while, in the case of the smaller volume, the 
frequency is higher than the frequency of a corresponding 
Helmholtz resonator. 
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NOMENCLATURE 
cA  
compressor duct characteristic 
area 
a  speed of sound 
b  channel height 
BPF blade passing frequency 
D  diameter 
f  frequency 
TK  throttle coefficient 
k  specific heat capacity ratio 
L  length 
cL  
compressor duct characteristic 
length 
LP long pipe 
*
u
in
outimp
kRT
u
M

  specific Mach number 
n  rotor rotational speed 
R  air gas constant 
SP short pipe 
T  temperature 
TOA  throttle opening area 
outimpoutimp D
n
u  
60
2  impeller tip speed 
V  volume 
z  number of blades 
out-imp-bl  
blade sweep angle at impeller 
outlet 
p  pressure fluctuation amplitude 
  gap between blade and shroud 
outimp
h
D
D

  impeller hub ratio 
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SUBSCRIPTS 
bl  blade 
c   compressor 
h   hub 
H  Helmholtz 
imp  impeller 
in inlet 
long  long outlet pipe 
m   meridional 
out  outlet 
p   plenum 
rot   rotor 
s  shroud, surge 
short   short outlet pipe 
VLD vaneless diffuser 
vol  volute 
1 INTRODUCTION 
1.1 State of the art 
Unsteady flow phenomena within centrifugal 
compressors have remained an object of interest for 
designers, manufacturers and scientists for almost 60 
years. The reason for this lies in the desire to make the 
machine operate safely and efficiently. The work 
considered as an initial milestone in the field is the work 
by Emmons et al. [1]. The authors utilized hot-wire probes 
connected to the static pressure taps. The measurements 
were carried out after the impeller inducer and at the 
vaneless diffuser outlet. As a result, the instantaneous 
pressure signal was recorded and analyzed. Finally, four 
stages of unstable operation were defined:  
stable operation, when the pulsation amplitude was 
almost null; 
mild surge, when the amplitude didn't exceed 10% of 
maximum pressure rise; 
intermediate phase, with relatively stable flow;  
deep surge, when the pressure fluctuations exceeded 
30% of the maximum pressure rise. 
Up to now, a vast number of research articles and theses 
were published describing the application of experimental, 
numerical and mathematical methods to study and forecast 
the unsteady phenomena in axial and centrifugal 
compression systems [2–5]. As a result, the majority of 
phenomena have been named and classified [6,7]. 
Moreover, quick and experimentally verified mathematical 
models [8–11] were created to predict the machine 
behavior during its steady or unsteady operation. In 
contemporary anti-surge systems high-frequency 
semiconductor transducers might be used to control and 
monitor the machine aerodynamic stability during 
operation [12].  
However, not all the problems connected to the topic are 
yet resolved. For instance, it is not well known how the 
network volume changes the amplitude and frequency of 
flow pressure fluctuations inside the installation. The 
number of publications regarding this topic is relatively 
low. Fink et al. [13] studied the behavior of a single-stage 
high-speed compressor during surge and at its onset. Two 
different outlet downstream volumes were examined. Only 
a larger one with a plenum chamber was utilized to 
investigate surge. A smaller one with a throttle installed 
right after the volute was used for a time-averaged 
analysis. It was shown that the pressure and velocity 
pulsations during deep surge are likely to decline in 
amplitude and grow in frequency as the outlet volume was 
decreased. A system without plenum was observed to 
operate without falling into deep surge right up to the total 
shutoff. However, the phenomena known as rotating stall 
and mild surge were registered within this system. 
Koyama et al. [14] investigated a similar problem, 
although a low-speed medium-size installation was 
analyzed. Three outlet plenums were examined with the 
ratio of plenum to compressor duct volumes equal to 0.07, 
0.92 and 5.20. The instantaneous pressure signal was 
recorded at the impeller inlet, impeller outlet and plenum 
inlet. Fourier signal analysis was applied to process the 
raw signal data. The test series didn't identify any serious 
difference in measurement results within the compressor 
duct (inducer, vaneless diffuser). The dominating pressure 
pulsation frequencies during rotating stall and surge were 
equal to 30 Hz (inducer) and 47 Hz (vaneless diffuser) 
regardless of the outlet volume. However, the higher outlet 
volumes induced higher values of pulsation amplitude. 
Gauges installed at the plenum inlet recorded a triple drop 
of frequency and magnitude of the pressure oscillations 
between low and medium plenum volumes. A further rise 
in plenum size resulted in an amplitude rise but didn't 
influence the surge frequency. 
1.2 The scope of the work 
This paper describes an investigation of the influence of 
compressor downstream volume on machine unsteady 
performance by means of pressure spectral maps. Such 
maps have proven to be an efficient way of presenting 
compressor performance throughout a wide range of 
working conditions. They are obtained in a “quasi-
dynamic” procedure described in section 2.2. Results are 
presented in the form of colour maps with frequency as the 
abscissa and the throttle valve position as the ordinate. 
This provides high-resolution information about spectral 
structures of pressure signals attained at different mass 
flow rates. Secondly, the impeller tip speed chosen for the 
experiment was uimp-out=103,7 m/s which is much closer to 
the values attained in industrial compressors than that in 
[14].  
The aim of this study was to check how the compressor 
plenum volume influences the pressure pulsation spectra at 
different locations. Moreover, the authors have analyzed 
how experimental results fit to the fundamental model of 
Helmholtz resonator. 
1.3 Helmholtz resonance in compressing units 
According to the method proposed by Moore and 
Greitzer [8] a turbo compressor installation might be 
treated as a system shown in Fig. 1. It consists of three 
major elements: 
 compressor duct, which includes all the ducts upstream 
and downstream of the impeller and is characterised by 
area
cA and length cL ; 
 plenum, that includes the network that the compressor 
works with (characterised by plenum volume 
pV ); 
 throttle, used to control the mass flow rate (according 
to [8] characterised by throttle coefficient 
TK ). 
 
 
Figure 1. Compression system elementary 
scheme according to Greitzer. [8].  
 
At surge pressure starts to oscillate within the 
compressor setting. In such circumstances the volume Vp 
can play the role of a Helmholtz resonator such as when 
one blows across the top of an empty bottle [13]. The 
natural frequency of a Helmholtz resonator is given as: 
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Apart from the required simplification of the system, this 
formula has been proven to provide a reasonable 
prediction of the frequency of non-stable phenomena [13]. 
Therefore, the second task of the work was to compare the 
resonance frequencies calculated with eq. (1) to the 
corresponding dominating surge frequencies obtained 
experimentally. 
 
2 THE CONCEPT OF EXPERIMENTS 
2.1 Test stand description 
A single stage centrifugal blower DP1.12 designed at the 
Institute of Turbomachinery, Lodz University of 
Technology was the object of investigation. The test rig is 
described in detail by Magiera [16]. Fig. 2 illustrates its 
cross-section. The measurements were carried out over the 
whole operational range of the machine at the rotor 
rotational speed of rpm6000n  ( Hz100rotf ), which 
corresponds to the specific Mach number of 33.0u M . 
The flow entered the stage through the inlet pipe of 300 
mm in diameter. It was connected to the compressor casing 
by a Witoszynski nozzle [17]. Shroud internal diameter 
was equal to mm6,165-ins D  and the inlet blade height 
was mm40-inimp b . The unshrouded impeller had 23 
blades. Each blade consisted of an axial inducer and a 
radial vane with outlet angle  90out-imp-bl . The gap 
between the blade and casing was mm8,0imp  . The 
impeller outlet diameter was mm2,330out-imp D , outlet 
blade height mm15out-imp b  and the hub ratio 26,0 . 
The meridional blade shroud coordinate L  had its origin at 
the leading edge ( 0L ) and ends at the trailing edge 
( 1L ). The total blade outline at the shroud was equal to 
mm134 . The vaneless diffuser had outer diameter of 
mm470out-VLD D  and constant height. It was followed by 
an external overhung volute that ended at the stage setting. 
The volute was connected to the outlet pipe with internal 
diameter of mm150out-vol D . As shown in Fig. 2(b), the 
"plenum" was divided into three segments: vertical pipe 
(seg. 1), right angled elbow (seg. 2) and horizontal pipe 
(seg. 3).  
The alteration of the plenum volume was realized by 
changing the length of the segment 3. In this work, two 
different lengths are considered: 
 
(a) 
 
(b) 
Figure 2. DP1.12 test rig meridional cross-section (a) and the outlet plenum division scheme (b) 
 
 short pipe (SP) with the length of mm755short L ; 
 long pipe (LP) with the length of mm3460long L . 
At the outlet of the pipe the throttle valve was installed to 
control the machine mass flow rate. The outlet plenum 
volume was computed as sum of volumes of all pipe 
segments, volute and diffuser and was equal to: 
 32
short 1035.4 mV
 in SP case; 
 32
long 1068.9 mV
 in LP case. 
 
2.2 The quasi-dynamic analysis concept 
The static pressure signals were captured by Kulite 
transducers installed as shown in Fig. 2(a). The static 
pressure signals were recorded before the nozzle (
in-sp ), at 
the impeller inlet (
imp1-sp , 2.0L ), at the impeller 
middle part (
imp2-sp , 4.0L ), at the impeller outlet 
(
imp3-sp , 9.0L ) and at the volute outlet ( out-sp ). 
The main aim of applied approach was to find a way of 
measuring the progressive onset of unstable phenomena by 
a very slow change of the throttling valve. The position of 
the throttling valve was characterized by a non-
dimensional parameter named as Throttling Opening Area, 
or TOA. This parameter simply expresses the percentage of 
the pipe area that was left open at the system outlet. Each 
measurement was conducted at constant TOA and 
contained 221=2097152 samples gathered at a frequency of 
100 kHz. The difference between valve positions in 
consecutive signal registrations was very small and the 
whole range contained 146 measurements. For better 
visibility, the presented plots contain only the part that 
contains the onset of unstable phenomena between half-
open valve to almost total closure. Values of TOA<4% 
were not examined for safety reasons. In order to ensure 
disappearance of temporary pressure oscillations a settling 
time of 20 s was provided prior to each measurement. The 
conditions of the experiment were called "quasi-dynamic" 
contrary to dynamic tests conducted at variable throttling 
applied in various studies [22-24]. All signals were 
assumed to be deterministic and the Fourier transformation 
(by means of an FFT algorithm) was used to obtain their 
frequency spectra. The amplitude spectra (absolute values 
of the Fourier transforms) of the signals, acquired at 
different positions of the throttling valve, were presented 
in the form of 2D spectral maps obtained in a way 
presented in Fig. 3. Similar spectral maps were utilized by 
Raitor and Neise [25] for noise analysis and by Hellmich 
and Seume in the case of an axial high speed compressor 
[26]. This work, however, apart from applying the method 
to a different type of machine with different gauge 
locations also features by high resolution in the TOA that 
allows the identification of the moment of the first 
appearance of non-stable phenomena.  
 
 
Figure 3. Methodology of obtaining spectral 
maps in “quasi-dynamic” procedure. 
 
If the underlying assumption about the deterministic 
character of the signals had been false, the pressure spectra 
maps would have been disordered and without any regular 
patterns. In such a case, the assumption about deterministic 
signals wouldn't have been supported and a method of 
spectral density estimation of a random signal should have 
been applied. The obtained results have proven that the 
random components of the signals were rather weak. It can 
be explained by considering the fact that the signal 
gathering period was very long and included over 2000 
rotations. In such a long period all the repeating 
phenomena were observed for several instances at least 
and the recorded signals are a good representation of the 
flow phenomena to be analyzed. On the other hand, the 
sampling frequency should be compared with the blade 
passing frequency (BPF= 2.3 kHz). The ratio 100/2 
assured, that every significant flow structure was 
represented by several samples at least.  
 
3 RESULTS AND DISCUSSION 
The analysis given herein concerns the processed data 
received at each of the pressure tappings. The discussion is 
presented in the form of comparisons of pressure maps 
obtained at consecutive control points in the case of short 
and long pipes which will be referred to as SP and LP 
respectively. Table 1 summarises the highest amplitudes 
registered at all pressure tappings at surge (TOA=4%). 
3.1 Stage inlet ( in-sp ) 
Fig. 4 presents the spectral maps attained in the SP and 
LP configurations. In both cases low-frequency noise was 
observed at amplitudes of around 4 Pa (SP) and 16 Pa 
(LP). As it will be observed, this phenomenon was 
common for all gauges at all circumstances and was not 
associated with any particular phenomenon. Therefore this 
range was not considered in this study.  
At TOA>27% a wide peak was observed at frequencies 
between 10 Hz and 20 Hz. In this case, the fluctuation 
magnitude was almost independent of outlet volume and 
was close to 4 Pa. As it can be observed in next sections, 
this region was less visible downstream as the flow entered 
the impeller. Similar peaks were visible between 
Hz10040  f . The peaks appeared to be relatively 
moderate (4–6 Pa) for the smaller volume and even less 
noticeable when the plenum volume was increased. At 
very high frequencies the noise level was slightly higher in 
the SP case.  
In both cases, an increment in amplitudes by one order of 
magnitude was observed at around 17% TOA. This region 
is henceforth referred to as the transient phase. At 
TOA<10% the amplitude increased again by one (SP) or 
two (LP) orders of magnitude. This region is henceforth 
referred to as deep surge. At deep surge the fluctuations 
reached two major peaks: 
  Hz1.14s f  (SP) and Hz10.8
'
s f  (LP); 
 Hz1.41s f  (SP) and Hz5.43
'
s f  (LP). 
The highest pulsation magnitude in the LP case was 
equal to 1500 Pa, which is 25 times higher than in the SP 
(see Table 1).  
3.2 Impeller inlet (
imp1-sp , 2.0L ) 
Pressure fluctuation spectra at the impeller inlet shown in 
Fig. 5 look similar to the ones discussed above within the 
stable operational range (TOA>27%). The difference was 
observed at %2715  TOA  within a frequency range 
up to Hz2000f , where high amplitude broadband 
noise appeared. The pulsations had a character of 
broadband noise without dominating peaks and were 
almost independent of plenum volume. As described in 
[15,18] these instabilities were provoked by the inlet 
recirculation which was first discovered in centrifugal 
 
 
(a) Short pipe 
 
 
(b) Long pipe 
Figure 4. Static pressure fluctuation p  spectral maps at the inlet (
in-sp ).   
 
(a) Short pipe 
 
(b) Long pipe 
Figure 5. Static pressure fluctuation p  spectral maps at impeller inlet (
imp1-sp ).   
 
 
pumps [19, 20]. Kryłłowicz [21] stated that the inlet 
recirculation was also characteristic for centrifugal 
compressor units with semi-open impellers. The 
phenomenon was described as a torus shaped vortex which 
initiated the stage unstable operation in the vicinity of 
impeller leading edge close to the shroud. The torus 
covered the whole circumference and its thickness was 
likely to grow with the mass flow decrease. As throttling 
increases, the torus gets disturbed by the flow oscillating in 
the axial direction (surge). It may also completely diminish 
or reduce its thickness if surge doesn't start [21]. As 
observed in Fig. 5 in this study inlet recirculation 
diminished in both outlet pipe configurations. Moreover, 
the moment of inlet recirculation onset and finish did not 
depend on plenum volume. The amplitude at surge in this 
region constituted 70 Pa in the SP case and 1900 Pa in the 
LP case. The ratio of surge dominating amplitudes had 
therefore increased to 27.1. 
 
3.3 Impeller mid-chord (
imp2-sp , 4.0L ) 
Fig. 6 represents the spectral maps obtained at the mid-
chord. The influence of inlet recirculation was still visible 
at this point at %2715  TOA , however to a much 
smaller extent. It was observed as a smaller amplitude of 
the broadband noise and a smaller frequency range 
Hz1000100  f . This fact stays in agreement with the 
current state of the art saying that the spatial range of 
influence of inlet recirculation is very limited. In addition 
to that, the blade passing frequency (BPF) 
impnzf BPF  
peaks of 2300 Hz, 4600 Hz, 6900 Hz etc. become visible, 
which wasn't observed earlier. The BPF amplitudes didn't 
show any dependency on the plenum volume and varied 
from 500 Pa to 1000 Pa. Ultimately, the rotor frequency 
rotf  and its modes were noticeable and also stayed 
independent of the outlet pipe length. 
 
 
(a) Short pipe 
 
 
(b) Long pipe 
Figure 6. Static pressure fluctuation p  spectral maps at impeller middle part (
imp2-sp ).  
 
(a) Short pipe 
 
(b) Long pipe 
Figure 7. Static pressure fluctuation p  spectral maps at impeller outlet (
imp3-sp ).  
 3.4 Impeller outlet (
s_imp3p , m9.0 L ) 
At impeller outlet (Fig. 7) the inlet recirculation was not 
observed. The amplitude peaks at TOA<10% (surge) kept 
their corresponding frequencies. What is worth mentioning 
is that, the fourth (9200 Hz) and further BPF modes were 
more explicitly visible than at the middle section of the 
impeller. The SP surge peak amplitude had grown to 
around 370 Pa which was the highest oscillation amplitude 
in this case (see Table 1). Compared to 
imp2-sp , it had risen 
around 7.5 times. In the LP case the oscillation amplitude 
maintained a high level at all gauges. This showed that the 
plenum volume influenced not only the frequency, but also 
the size of the region affected by flow oscillations which, 
in the case of the SP, was more concentrated downstream 
of the impeller (this issue is discussed in section 4).  
3.5 Volute outlet (
out-sp ) 
The pressure pulsation pattern at the volute outlet in Fig. 
8 appeared to be only slightly dependent on the network 
volume down to TOA=27%. As in previous cases, the 
fluctuations appeared to be stronger in the SP case. As the 
flow becomes unstable several significant differences in 
plenum response could have been declared. 
Firstly, a fall in noise amplitude was observed within the 
region Hz 20  18  f  (SP). As the outlet pipe length was 
changed, the fall became more pronounced and settled 
down between 15 Hz and 30 Hz (LP). 
The discrepancy in dominating surge amplitude noticed 
at the other pressure tappings stayed present at the machine 
outlet. The SP peak frequency was near to 42 Hz; the 
magnitude was around 280 Pa. In the LP case, the 
amplitude peak reached 3400 Pa and oscillated with a 
frequency of around 10.8 Hz. The amplitude ratio equalled 
12.1 which was higher compared to the gauge 
s_imp3p . 
Contrary to SP case, in the instance of higher plenum 
volume the highest oscillation amplitude was noted at 
out-sp . 
As the blade trailing edge wakes have already mixed 
inside the vaneless diffuser and volute, the BPF nodes 
were no longer present at this point. Some rotor rotational 
frequency modes were still visible, but all of them had 
negligible magnitudes and were irrelevant for the analysis. 
 
4 DOMINATING FREQUENCIES AT THE DEEP 
SURGE 
The aim of this section is to take a deeper insight into the 
blower surge regime spectral characteristics. Fig. 9 shows 
the amplitude-frequency maps of pressure signal recorded 
at 
out-sp  (a,b) and s_imp3p  (c,d) at deep surge (TOA=4%). 
One can observe that the amplitude of pressure pulsations 
reached its maximum either at frequency Hz42B f  (SP, 
peak "B") or at Hz12A f  (LP, peak "A") depending on 
the plenum size. Although it can be noted that peak A was 
also observed in SP case, and peak B was observed in LP 
case. 
 
 
(a) Short pipe 
 
 
(b) Long pipe 
Figure 8. Static pressure fluctuation p  spectral maps at the volute outlet (
out-sp ).  
 
Table 1. Maximal peaks registered  
at the pressure tappings. 
 Short pipe Long pipe Ratio 
Frequency [Hz] 
sf  
41.1 10.8 – 
Amplitude of pressure fluctuations [Pa] 
in-sp  
60 1500 25.0 
imp1-sp  
70 1900 27.1 
imp2-sp  
90 2000 22.2 
imp3-sp  
370 1700 4.1 
out-sp  
280 3400 12.1 
    
As comes from the plots "a" and "c" (Fig. 9), the highest 
amplitude peak in a SP case was registered at impeller 
outlet (
imp3-sp ). The "B" peak magnitude at this location 
constituted Pa370B p  (see Table 2), which was around 
6 times higher than the identical peak amplitude at the 
compressor inlet (
in-sp ). This confirms that the oscillation 
"B" was not propagated throughout the whole system, but 
was localized mainly within diffuser and volute. Most 
probably, the peak was induced within the vaneless 
diffuser which is a known source of such unstable 
phenomena such as rotating stall [6,7]. The frequency of 
diffuser rotating stall is believed to be not higher than 
rot22.0 f  [5-7]. Therefore in this case, the oscillations could 
have been associated with this structure containing two 
cells. This is supported by the fact, that in SP case, peak B 
was observed together with its subharmonic frequency 
20.5 Hz characterized by slightly weaker amplitude. 
A different trend was observed in the LP case where the 
maximal "A" peak magnitude was obtained at the volute 
outlet (
out-sp ). Here it constituted Pa3400A p  (see 
Table 2) which was 2.3 times higher than at the inlet 
(
in-sp ). This suggests propagation of this oscillation 
throughout the whole system. This feature is characteristic 
for surge [1,6]. 
The 
Af  values were compared to the Helmholtz 
resonator frequencies 
hf  calculated for each plenum 
volume correspondingly (see Table 2). The sonic speed 
kRTa   was taken at ambient conditions 
( 4,1k ;
Kkg
J
287

R ; KT 293 ) and was equal to 
m/s340a . A single blade passage area at the impeller 
outlet was used as the resonator inlet area 
 
 
(a) Short pipe 
 
 
(b) Long pipe 
 
(c) Short pipe 
 
(d) Long pipe 
Figure 9. Frequency spectra at the impeller outlet 
out-sp  (a,b) and volute outlet imp3-sp  (b,c) at deep surge 
(TOA=4%) and the value of Helmholtz frequency for this system. 
 
Table 2. Helmholtz resonance frequency versus 
surge frequency observed in the experiment 
 Short pipe Long pipe 
Volume [m3] 
Vp 
21035.4   21068.9   
Volute outlet 
out-sp  
fA, Hz 14.1 10.8 
fh, Hz 17.1 11.5 
pA, Pa 36 3400 
in-s
A
p
p

 
1.57 2.27 
Impeller outlet 
imp3-sp  
fB, Hz 41.1 43.5 
pB, Pa 370 100 
in-s
B
p
p

 
6.07 3.45 
( 24 m1076.6 cA ) and an average meridional impeller 
channel length as its length ( m1056.1 1cL ). 
Table 2 shows that the Helmholtz frequency is in a 
reasonable agreement with peak “A” frequency with slight 
over prediction. In the case of a smaller plenum values 
differ by 20%. As the outlet volume was increased, the 
relative difference dropped to 6%. The over prediction can 
be coming from the fact, that the outlet valve was not fully 
closed and the actual volume of oscillating air was higher 
than the assumed plenum volume. 
The Helmholtz resonator approach is based on rough 
simplifications and can be treated as a first approach to 
predict the dominating frequency of non-stable structures 
only. The real cases exhibit much more complicated 
spectra depending on the geometry of the diffuser, volute, 
plenum and the impeller. The Helmholtzian resonance 
may, however, co-exist with higher order oscillations and, 
in favourable circumstances, dominate the compressing 
system. 
 
5 CONCLUSIONS 
A single stage centrifugal blower was used to investigate 
the influence of outlet plenum volume on the pressure 
fluctuations. Kulite high frequency pressure transducers 
were installed at five control points along the flow path to 
record the signal. The pressure fluctuation spectra were 
analyzed in “quasi-dynamic” methodology and spectral 
maps were produced. The main conclusions are listed 
below: 
1. Four stages of compressor operation were identified 
depending on the value of throttling: stable operation, 
inlet recirculation, transient stage and deep surge. 
2. The moment of instability onset did not display 
dependency on plenum volume. This applied to all 
non-stable structures: inlet recirculation, transient stage 
and deep surge. 
3. The inlet recirculation was recorded by gauges at the 
impeller inlet and less significantly at the impeller mid-
chord. The spectral structure of this phenomenon didn't 
show sensitivity to the plenum volume. 
4. A stronger surge pressure pulsation was diagnosed in 
the case of higher plenum volume. The pulsation was 
found to have a frequency very close to that of a 
Helmholtzian resonator. A Helmholtzian peak was also 
observed in the SP case, but was weaker than another 
peak present at higher frequency. 
5. Highest pulsations in the SP case were registered at the 
impeller outlet, while in the LP case – within the 
plenum. This shows that these two peaks differ not 
only in frequency but also in localization of the source 
of fluctuations.  
6. The oscillations in the LP case were noticeable at all 
pressure tappings, while in SP case, the oscillations 
were very weak at gauges located further from diffuser 
and volute. Therefore, the LP case was affected by 
strong axial oscillations influencing the whole 
machine. At a smaller plenum volume the oscillations 
had a more local character, with the source most likely 
located within the diffuser. 
7. The BPF mode peaks were mainly visible at the 
impeller mid-chord, impeller outlet and were found to 
have amplitudes independent on the outlet volume. 
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